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Formation mechanism of internal cracks in continuous casting slabs with soft reduction
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ABSTRACT The crack morphology and element segregation in continuous casting slabs were studied to solve the problem of internal
cracks. The stress of the solidification front was analyzed by a finite element model at a series of reduction parameters and compared
with the critical value. It is found that C P and S enrich in dendrites and exist in grain boundaries these are just the internal causes
but the true cause for internal cracks is the tensile stress of the solidification front. When the slab passes through the straightening seg—
ment the reduction effect of rollers results in the stress of the solidification front exceeding the critical value however the corre—
sponding stresses in the arc and horizontal segments do not exceed the critical value so the solidification front in the straightening seg—
ment would be much easy to crack. Statistics analysis shows that when soft reduction and straightening are separately carried out the
occurrence rate of internal cracks reduces by about 41.3% .
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Fig.2 Schematic diagram of internal cracks
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Fig.1 Macroscopic feature of the slab vertical section
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Morphology of internal cracks etched with picric acid
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. . Fig.5 Schematic diagram of solute distribution during the continuous
Fig.4 SEM images of the fracture surface
casting process
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Fig.6 EDS linear scanning images of C (a) P (b) S (c) and Mn (d) at internal cracks
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Fig.7 Schematic diagram of the finite element model
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. n,\ N 'ZN . ~
b=Cew (- %) (omaen () P23 78
C =46550 +71400w( C) +1200w (C)*>  (3) 3.5.5.0.6.5
Q =44650 (4) mm 4
(l€=130.5—5.128X1073T (5) 5~6 9~10
n,=-0.6289 +1. 114 x10°T (6) 1
n=8.132-1.54 x10°T. (7) 2.
7 ¢ “ 1 ( )
n, w( C) C Table 1 Chemical composition of the workpieces %
) C Si Mn P S C, Mo Ni
2.1.2
(1) 0.1641 0.2358 1.3688 0.0142 0.0075 0.09 0.0 0.003
2
Table 2 Detailed soft reduction schedules of simulation
) /mm
(8) 900
" /mm fooos 6 7 8 9 10
1 35 01~03 26 15 — — — —
E=968 -2.33T+1.9x10 7> -5.18 x 10 ' T°. 2 50 01~03 42 28 — — — —
(8) 3 65 01~03 51 34 — — — —
K GPa: T oC. 4 35 02~05 — — 14 28 — —
m 5 50 02~05 — — 28 42 — @—
0~0.5 6 65 02~05 — — 34 51 — @—
: 7 02~05 — — — - —  —
p=0.278 +8.23 x 10 °T. (9) 8§ 35 05-09 — — — — 26 15
(2) 9 50 05~09 — — — — 42 28
p(T0) 0 65 0509 — — — — 51 34
p(T)
3
p( To) 2.2
a= -1 10
p(T) (10)
P =pufo P, +pofs +puL (11)
p. =7881 -0.324T -3 x 10’ T* (12) .
100( 8106 - 0. 51
py: ( 77) 3 (13)
100 —w( Q) 1 +0.008w( C)
p, = 100( 8011 -0.477) (14) — ( submerged split-chill
3 3
100 ~w(Q  1+0.013w(Q tensile test SSCT) s
p. =7100 =73w( C) - 0.8 =0.09w( C) (T -1550).
(15)
o vp( T(]) TO MH\P\S
kgem ™ p( T) T kg
mip, o« kgem i f,  « 8
oy Y kgem /)y
py B kgem ™1 f, B o =, (16)
pL kgem ™ f, o, o, T, T, MPa; B
T KT, K.
2.1.3 T, =1708K o, =2.63MPa B=6.7;
f T,=1800K ¢, =0.66MPa g=7.0.
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Fig.8 Schematic diagram of the relationship between critical stress

and carbon content
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Fig.9 Main stress of the solidification front under different soft re—

ductions at Segments 5 and 6 ( inner arc)
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Fig.10 Main stress of the solidification front under different soft re—

ductions at Segments 7 and 8 ( inner arc)
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Fig.11 Main stress of the solidification front under different soft re—

ductions at Segments 9 and 10 ( inner arc)
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